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Abstract: The field of liquid crystal display (LCD) is constantly in the spotlight and the process of depositing an alignment layer
in the LCD manufacturing process is very important to obtain excellent performance such as low-power driving and high-speed
response to improve LCD performance. Therefore, research on liquid crystal (LC) alignment is being actively conducted. When
manufacturing LCD, it is necessary to consider the effect of the alignment layer thickness as one of the factors affecting various
LCD performances. In addition, previous studies confirmed the LC alignment characteristics correlate with the rotation speed in
the spin coating process. Therefore, the electro-optical properties of the LCD were investigated by manufacturing a polyimide
alignment layer by varying the rotation speed in the spin coating process in this study. It was confirmed that the thickness of the
polyimide alignment layer was controlled according to the spin coating conditions. The average transmittances of anti-parallel
LC cells at the spin coating speed of 2,500 rpm and 3,000 rpm are about 60%, which indicates that the LC cell has relatively
higher performance. At the spin coating speed of 3,000 rpm, the voltage-transmittance curve of twisted nematic (TN) LC cell
was below 1.5 V, which means that the TN LC cell operated at a low power. In addition, high-speed operating characteristics
were confirmed with a response time of less than 30 ms. From these derived data, we confirmed that the ideal spin coating speed
is 3,000 rpm. And these results provide an optimized polyimide alignment layer process when considering enhanced future LCD

manufacturing.
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Fig. 1. Thickness of polyimide alignment layers as a function of spin
coating rotation speed.

457} 37)51 A 22 vjgere] £/ 400 nm, 270
nm, 145 nm, 70 nm, 33 nm& AR} QFox]| &= 718 5+l
& 2 9l9lrt. o= 8|47} S0l A s Al et &
2jojuj & gofo] 3|4 ¥H7d WEFo g S Uik ol 5
Thel7] ThRel Ao 2 W)

28 2= AW 38 g4 £=0 g Zoju]= vt
oo £9l AA7]2 543 ARM o]u]A| 2 et Zolof
B 12 549 AA7] 32 Ued ZAoloh. 1 29 7 1
oA &elel Y HAV|= AAACR HdtS ol
% otk 58] At R, g2 AWEW 1,500 rpm,
2,000 rpm, 2,500 rpm, 3,000 rpm, 3,500 rpm©2] A
A8 oA £5 5 Zhe EQo|ujE vigY =W AAT|=
2+7+ 0.80 nm, 0.56 nm, 0.72 nm, 0.55 nm, 0.55 nm=
B2 FU S A S HAY £ 9T, AW 2

= 29 AW} ANEE AT

e 5ol AIATE Zejojols

2 7)ol s £7g3 Tefmoln, 1 3(b): £
71BS A 60 um 7S ZHe AP 7

tho} Satw S Liehd Zlolch,

(e)”

Fig. 2. AFM images of polyimide alignment layers according to spin
coating rotation speed: (a) 1,500 rpm, (b) 2,000 rpm, (c) 2,500 rpm,
(d) 3,000 rpm, and (e) 3,500 rpm.
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Table 1. AFM surface roughness analysis of polyimide alignment layers according to spin coating rotation speed.

Spin coating rotation speed Maximum height (Rmax)

RMS roughness (Rq) Average roughness (Ra)

(rpm) (nm) (nm) (nm)
1,500 15.41 1.03 0.80
2,000 5.25 0.72 0.56
2,500 6.67 0.92 0.72
3,000 9.43 0.72 0.55
3,500 5.24 0.71 0.55
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Fig. 3. UV-visible transmittance spectra of polyimide alignment
layers at different spin coating rotation speed: (a) single polyimide
alignment layer substrate on ITO glass substrate and (b) AP LC cells
with polyimide alignment layers.
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alignment layers: (a) voltage-transmittance and (b) response time.
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Table 2. Average transmittance of visible light region of polyimide alignment layers as a function of spin coating rotation speed.

Spin coating rotation speed (rpm) 1,500 2,000 2,500 3,000 3,500
Single polyimid
Average ingle potyimide 76.63 76.64 77.04 76.91 77.23
alignment layer
transmittance (%)
AP LC cells 55.85 61.76 60.26 63.27 64.53
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Fig. 7. Residual DC characteristic of TN LC cells as a function of spin coating rotation speed: (a) 1,500 rpm, (b) 2,000 rpm, (c) 2,500 rpm, (d)

3,000 rpm, and (e) 3,500 rpm.

Table 3. Electro-optical properties of TN LC cells with polyimide alignment layers using various spin coating rotation speed.

Spin coating rotation Threshold voltage Switching amplitude Response time (ms)
speed (rpm) V) V) Rising time Falling time Total
1,500 2.23 0.92 2.18 22.71 24.89
2,000 1.33 0.85 0.99 19.24 20.23
2,500 1.27 1.23 0.59 7.17 7.76
3,000 1.47 0.83 1.47 17.52 18.99
3,500 1.64 0.89 2.12 27.88 30.00
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Table 4. Residual DC voltage characteristics of TN LC cells as a function of a spin coating rotation speed.

Spin coating rotation speed (rpm) 1,500 2,000 2,500 3,000 3,500
(+)RDC (V) 1.26 1.28 0.36 0.02 1.47
(-) RDC (V) 1.31 1.29 0.40 0.02 1.51
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